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Low pressure  sprayed M C r A l Y  o v e r l a y  c o a t i n g s  a r e  c u r r e n t l y  b e i n g  used on 
iidvanced s i n g l e  c r y s t a l  s u p e r a l l o y  b lades  f o r  gas t u r b i n e  engines. Many 
s t u d i e s  have been made on t h e  i n f l u e n c e  o f  c o a t i n g s  on t h e  mechanical  
p r o p e r t i e s  o f  s u p e r a l l o y s  i n  o x i d i z i n g  o r  h o t - c o r r o d i n g  environments,  b u t  
v e r y  few on t h e  p r o p e r t i e s  o f  t h e  b u l k  c o a t i n g  a l l o y  i t s e l f .  I n  t h i s  
s t u d y  t h e  creep b e h a v i o r  o f  a t .yp ica l  NiCoCrAlY a l l o y  (PWA 276) has been 
s t u d i e d  i n  a i r  and vacuum. The a s - r e c e i v e d  low p r e s s u r e  plasma sprayed 
NiCoCrAlY p l a t e s  were h e a t  t r e a t e d  f o r  4 h a t  1080 C f o l l o w e d  by 32 h a t  
1370 C, t h e  h e a t  t r e a t m e n t  a p p l i e d  t o  coated  s u p e r a l l o y  p a r t s .  Standard 
creep specimens 12.7 mm l o n g  and 3.2 mm i n  d iameter  were then machined. 
Constant l o a d  creep - r u p t u r e  t e s t s  were c a r r i e d  o u t  i n  a i r  and vacuum a t  
jj50, 850, and 1050 C and v a r i o u s  i n i t i a l  s t r e s s e s .  I n  a d d i t i o n ,  some 
specimens were p r e o x i d i z e d  a t  1050 C f o r  100 h p r i o r  t o  t e s t i n g .  

A t  650 and 870 C, r u p t u r e  l i v e s  i n  vacuum were 2 t o  3 t imes l o n g e r  i n  a i r  
than i n  vacuum. 
environment,  however d u r i n g  t e s t s  i n  a i r  t e r t i a r y  creep began l a t e r ,  
progressed a t  a l o w e r  r a t e ,  and c o n t i n u e d  t o  a g r e a t e r  s t r a i n  a t  f r a c t u r e  
t h a n  d u r i n g  t e s t s  i n  vacuum. I n  comparison, p r e o x i d i z e d  specimens t e s t e d  
.in a i r  e x h i b i t e d  a l o w e r  second s tage c reep r a t e ,  a g r e a t e r  t i m e  t o  t h e  
onset  o f  t e r t i a r y  creep,  b u t  t h e  same s t r a i n  a t  f r a c t u r e  as v i r g i n  
specimens t e s t e d  i n  a i r .  
o f  t h e  i n i t i a l  s u r f a c e  pores i n  t h e  m a t e r i a l  b y  t e s t i n g  i n  a i r  o r  
a d d i t i o n a l l y  by p r e o x i d a t i o n .  
creep. 
creep p r o v i d i n g  l o w e r  t e r t i a r y  c reep r a t e s  and g r e a t e r  s t r a i n  t o  f r a c t u r e .  
F u r t h e r  exper iment  i s  r e q u i r e d  t o  e x p l a i n  t h e  e f f e c t  o f  t h e  p r e o x i d a t i o n  
exposure i n  l o w e r i n g  t h e  second s tage c reep r a t e .  

The second s tage c reep r a t e s  were independent o f  t e s t  

These e f f e c t s  appear c o n s i s t e n t  w i t h  a b l u n t i n g  

T h i s  would d e l a y  t h e  onset  o f  t e r t i a r y  
Also,  a i r  appears t o  b l u n t  t h e  growing c r a c k s  d u r i n g  t e r t i a r y  
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A t  1050 C, t h e  dependence o f  r u p t u r e  l i v e  on s t r e s s  l e v e l  was much h i g h e r  
than a t  t h e  lower  temperatures,  t h e  s t r e s s  exponent b e i n g  r o u g h l y  -12, 
r a t h e r  t h a n  about  -3. A lso,  t h e  s c a t t e r  i n  l i f e  was g r e a t e r  than f o r  t h e  
l o w e r  temperature t e s t s .  W i t h i n  t h i s  s c a t t e r ,  r u p t u r e  l i v e s  c o u l d  n o t  be 
s a i d  t o  be d i f f e r e n t  f o r  t e s t s  o f  t h e  v i r g i n  specimens i n  a i r  o r  vacuum, 
o r  f o r  t h e  p r e o x i d i z e d  specimens t e s t e d  i n  a i r .  However, as a t  t h e  l o w e r  
temperatures,  t h e  s t r a i n  t o  f r a c t u r e  was much g r e a t e r  f o r  t e s t s  o f  e i t h e r  
t h e  v i r g i n  o r  p r e o x i d i z e d  specimens t e s t e d  i n  a i r  than f o r  t e s t s  i n  
\I a cu urn. 
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TYPICAL CREEP CURVES FOR NiCoCrAlY AT VARIOUS TEMPERATURES, 
STRESSLEVELS AND ENVIRONMENTS 
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STRESS DEPENDENCE OF T I M E  TO FAILURE OF NiCoCrAlY AT 
VARIOUS TEMPERATURES AND ENVIRONMENTS 
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